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Abstract 
 
Mosquito control is the key for hopeful and sustainable eradication of 
different socio-economic as well as fatal viral, bacterial and parasitological 
diseases in the tropical and subtropical countries. In addition the safety of any 
pesticide should be assured before application. 
In the present study the susceptibility of arabiensis mosquito larvae to the 
toxin of two endo-spores forming bacilli strain was examined. Both Bacilli spp B. 
thuringiensis and B. sphaericus were found to be highly toxic and fatal with ١٠٠٪ 
mortality rate.  However, larval stage_٤ (Instar_٤) was found to be tolerant to the 
toxin. Moreover the safety of these two toxins against different mammalian animal 
species was recorded during oral administration in goats, rabbits and mice, while 
the toxicity due to intravenous route was assessed in rabbit only.   
The toxins were found to be completely safe when administrated orally to 
goats, rabbits and mice used in this experiment, while B. sphaericus cause no signs 
of toxication in rabbits even when injected intravenously. However, the laboratory 
animal showed significant clinical, pathological and histopathological changes. 
 
 
 
 
 
 
 
 
 
  ﺔـﻼﺼـﺍﻟﺨ
 
ﺘﻌﺘﺒﺭ ﻤﻜﺎﻓﺤﺔ ﺍﻟﺒﺎﻋﻭﺽ ﺍﻟﻤﻔﺘﺎﺡ ﺍﻟﺭﺌﻴﺴﻲ ﻻﺴﺘﺌﺼﺎل ﺍﻟﻜﺜﻴﺭ ﻤﻥ ﺍﻷﻤﺭﺍﺽ ﺫﺍﺕ ﺍﻷﺜـﺭ 
ﺍﻻﻗﺘﺼﺎﺩﻱ ﻭﺍﻻﺠﺘﻤﺎﻋﻲ ﻭﻏﻴﺭﻫﺎ ﻤﻥ ﺍﻷﻤﺭﺍﺽ ﺍﻟﻔﻴﺭﻭﺴﻴﺔ ﻭ ﺍﻟﺒﻜﺘﻴﺭﻴﺔ ﻭﺍﻟﻁﻔﻴﻠﻴﺔ ﺍﻟﻘﺎﺘﻠـﺔ ﻓـﻲ 
  . ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻤﺩﺍﺭﻴﺔ ﻭﺘﺤﺕ ﺍﻟﻤﺩﺍﺭﻴﺔ ﺒﻤﺎ ﻓﻴﻬﺎ ﺍﻟﺴﻭﺩﺍﻥ
ﺸﺭﻴﺔ ﻴﺠﺏ ﺃﻥ ﺘﺅﻜﺩ ﻗﺒـل ﺍﺴـﺘﺨﺩﺍﻤﻬﺎ ﺃﻀﻑ ﺇﻟﻰ ﺫﻟﻙ ﺃﻥ ﺴﻼﻤﺔ ﺃﻱ ﻤﻥ ﺍﻟﻤﺒﻴﺩﺍﺕ ﺍﻟﺤ 
  . ﻋﻤﻠﻴﺎﹰ
ﺼﻤﻡ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻟﺩﺭﺍﺴﺔ ﻗﺎﺒﻠﻴﺔ ﻴﺭﻗﺎﺕ ﺍﻟﺒﺎﻋﻭﺽ ﻟﻨﻭﻋﻴﻥ ﻤـﻥ ﺍﻟـﺴﻤﻭﻡ ﺍﻟﺒﻜﺘﻴﺭﻴـﺔ ﻟﻨـﻭﻋﻴﻥ 
ﻫﺫﻴﻥ ﺍﻟﻨﻭﻋﻴﻥ ﻤﻥ ( ﻋﺩﻡ ﺴﻤﻴﺔ ) ﻭﻤﻥ ﺜﻡ ﺩﺭﺍﺴﺔ ﺴﻼﻤﺔ . ﻤﺨﺘﻠﻔﻴﻥ ﻤﻥ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻜﻭﻨﺔ ﻟﻸﺒﻭﺍﻍ 
ﺇﻥ (  ﺍﻟﻔﺌـﺭﺍﻥ – ﺍﻷﺭﺍﻨـﺏ –ﻤﺎﻋﺯ ﺍﻟ ) ﺕﺍﻟﺴﻤﻭﻡ ﺍﻟﺒﻜﺘﻴﺭﻴﺔ ﺒﺎﻟﻨﺴﺒﺔ ﻷﻨﻭﺍﻉ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺍﻟﺜﺩﻴﻴﺎ 
ﻭﺠﺩﺕ ( .B ) sucireahpS ,sisneigniruht.B(ﻫﺫﻴﻥ ﺍﻟﻨﻭﻋﻴﻥ ﻤﻥ ﺍﻟﺴﻤﻭﻡ ﺍﻟﻘﺎﺘﻠﺔ ﻟﻠﻴﺭﻗﺎﺕ  
 ( ٤L) ﻓﻲ ﻗﺘل ﺍﻟﻴﺭﻗﺎﺕ ﻤﺎ ﻋﺩﺍ ﺍﻟﻁﻭﺭ ﺍﻟﺭﺍﺒﻊ ﻤﻥ ﺍﻟﻴﺭﻗـﺎﺕ %( ٠١٠)ﻓﻌﺎﻟﺔ ﺒﺩﺀﺍﹰ ﻤﻥ ﺍﻟﻨﺴﺒﺔ 
ﻴﺭ ﺴـﺎﻤﺔ ﻟﻬـﺫﻩ ﺍﻟﺘﻲ ﺘﻘﺎﻭﻡ ﻫﺫﻩ ﺍﻟﺴﻤﻴﺎﺕ ﻭﻤﻥ ﻨﺎﺤﻴﺔ ﺃﺨﺭﻯ ﻓﻘﺩ ﻭﺠﺩﺕ ﻫﺫﻩ ﺍﻟﻤﺴﺘﺨﻠﺼﺎﺕ ﻏ 
( ﺍﻟـﺸﺭﺍﺏ ) ﻋﻨﺩﻤﺎ ﻴﺘﻡ ﺘﻨﺎﻭﻟﻬﺎ ﻋﻥ ﻁﺭﻴﻕ ﺍﻟﻔـﻡ (  ﺍﻟﻔﺌﺭﺍﻥ – ﺍﻷﺭﺍﻨﺏ –ﺍﻟﻤﺎﻋﺯ  ) ﺕﺍﻟﺤﻴﻭﺍﻨﺎ
ﺃﺒﺩﺕ ﺴﻤﻴﺔ ﻗﺎﺘﻠﺔ ﻟﻸﺭﺍﻨﺏ ﻋﻨـﺩﻤﺎ ﻴـﺘﻡ ( sisneigniruht.B)ﻏﻴﺭ ﺃﻥ ﺃﺤﺩ ﻫﺫﻩ ﺍﻟﻤﺴﺘﺨﻠﺼﺎﺕ 
  . ﺤﻘﻨﻬﺎ ﻋﻥ ﻁﺭﻴﻕ ﺍﻟﻭﺭﻴﺩ
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INTRODUCTION 
 
Introduction 
 
From the stand point of risk to mammalian’s health and well being, 
mosquitoes represent the most important group of insects.  They are vector of some 
of the most distressing diseases, like malaria, yellow fever and filariasis.  
Malaria is one of the diseases that spread by some species of the anophline 
mosquitoes. 
With the essential need of determining the appropriate control program, the vector-
control by synthetic insecticides used have reflected certain drawbacks on the 
environmental hazard, development of resistance, destruction of natural enemies of 
the vectors, toxicity to humans, domestic and wild animals and the disruption in 
the natural balance and food chain. 
All these encouraged researcher to find new alternatives of control, such as 
biological control. 
Biological methods of mosquito control are based on the use of different microbial 
and predators of insect’s vectors, from the different microbial entity, the bacteria 
hold the key for further development as larvicidal control of mosquito. 
Therefore, the evaluation of microbial agents as pesticide should be continuously 
evaluated compared with other methods of control.  Furthermore its safety in man 
and his live stock should be excluded. 
Many researchers look for pesticides that are toxic only to the target, have less 
impact on other species and have fewer environmental hazards. Bacillus 
thuringiensis was found to satisfy these properties. 
The aim of this research is to study and confirm the safety of two different bacillus 
spp of bacteria B. thuringiensis and B. sphaericus that has been used as larvicidal 
for biological control of mosquitoes, using different mammalian animal spp 
including goats, rabbits and mice.   
 
 
CHAPTER 
ONE 
LITERATURE 
REVIEW 
Chapter One 
Literature review 
 
١٫١. Mosquitoes:- 
   The mosquito is one of the most abundant parasitic and viral disease carriers that 
live among human populations (Darsie ١٩٨١). The mosquito is a host for various 
parasites, such as the protozoan Plasmodium. The species of mosquito that transmit 
malaria are such as Anopheles and Culex, the latter causing avian malaria in 
humans (Soulsby, ١٩٨٢). Other diseases transmitted by mosquitoes include yellow 
fever, Filariasis, and certain types of viral encephalitis (Soulsby, ١٩٨٢).  
١٫١٫١. Classification:-  
             The mosquito is a member of the family Culicidae. There are two main groups 
namely, anophelines and culicines in the latter family. However, there are many 
important characteristics differences between them. The family Culicidae belongs 
to the order Diptera and contains about ٣٥٠٠ species in three subfamilies: 
Anophelinae (٣ genera), the Culicinae (٩ genera and >٨٠٪ of all the species) and 
the Toxorhynchitinae (١ genus). The genera include Anopheles, Culex, 
Psorophora, Ochlerotatus, Aedes, Sabethes, Wyeomyia, Culiseta, and 
Haemagoggus. Within the family Anophelinae six subgenera are recognized: 
Stethomyia, Lophopodomyia, Kerteszia, Nyssorhynchus (all South American), 
Cellia (Old World only) and Anopheles (worldwide) (Clements, ١٩٩٢).  
١٫١٫٢. Mosquito life-cycle:-  
    Mosquitoes pass through four distinct stages in their life cycle: egg, larva, pupa 
and adult. Prodigious numbers of mosquitoes can hatch simultaneously under the 
proper conditions. In rapidly developing broods, survival of the immature stages 
can be quite high, but estimates for many species indicate that immature survival is 
normally less than ٥ percent. But ٥ percent of millions represents a sizable number. 
Irrespective of population densities, if they transmit disease or preferentially feed 
on humans, which many species do, they become appropriate targets for control 
activities (Clements, ١٩٩٢). 
١. Egg:  Mosquito eggs are laid with a white colour, but darken     within 
٢٤ hours. Some species lay individual eggs, while others lay them in 
clusters known as rafts. Eggs Hatch within ١-٤ days, depending on the 
temperature, and when available in its optimum condition, i.e. water. 
٢. Larva: Lives in the water during this period, and can go through 
multiple molting stages. Near the last abdominal segment in most species 
is an air tube that serves as a respiratory apparatus when the larva 
suspends vertically below the water surface. Larvae of Anopheles, 
however, breathe through a cluster of small abdominal plates, which 
causes them to lie flat close to the underside of the water surface when 
not diving. Most larvae are filter feeders, ingesting anything smaller than 
about ١٠ microns by vibrating their mouth brushes and sweeping in 
particulate matter and small organisms from the surrounding water. 
Depending on the species and environmental conditions, mosquitoes may 
take anywhere from three to four days up to several weeks to complete 
larval development. Mature ٤th instar larvae molt to the pupal stage. 
٣. Pupa: Mosquito pupae breathe through two respiratory horns when at 
the water's surface, do not feed and typically transform into adults in two 
or more days. 
٤. Adult: Emerging adults sustain their bodies on the surface of the 
water until they are capable of flying. Adult males primarily feed on 
carbohydrate sugars from fruits or other sources, while females suck on 
blood, which allows them optimal conditions for laying eggs. Adults are 
primarily active at night, and lay in shaded areas during the day.   
١٫٢. Malaria:- 
   Malaria is one of the most dangerous diseases known to mankind. Its prevalence 
and elusiveness boggle the minds of researchers to this day. In Africa alone, ١ 
million children die each year from the deadly disease. In Sudan, Malaria accounts 
for about ٤٠٪ of all infectious disease cases (Ministry of Health ١٩٩٤). The main 
method of combating malaria has been through the control of the transmission 
vector, i.e. mosquitoes. The elusiveness of mosquitoes themselves has created a 
primary difficulty in the control of malaria because adults seek protected areas. It 
has been proven that the most efficient way to contain malaria populations is to 
attack their early developmental stages, such as the larval stage. The best way to do 
this is through the use of larvicidal pesticides, known as larvicides. The methods 
generally focus on attacking breeding zones by draining water that accumulates on 
the earth, spreading oil films over such accumulations, and the use of insecticides 
to kill adult mosquitoes (Tom, ٢٠٠٠). 
١٫٣. Larvicides:-  
   Larvicides include biological insecticides, such as the microbial larvicides 
Bacillus sphaericus and Bacillus thuringiensis (Bt). Larvicides include other 
pesticides, such as temephos, methoprene, oils, and monomolecular films. 
Microbial larvicides, such as Bacillus species, are bacteria that are registered as 
pesticides for control of mosquito larvae in outdoor areas such as irrigation ditches, 
flood water, standing ponds, woodland pools, pastures, tidal water, fresh or 
saltwater marshes, and storm water retention areas. Duration of effectiveness 
depends primarily on the mosquito species, the environmental conditions, the 
formulation of the product, and water quality (National Pesticide Information 
Center, ٢٠٠٠). 
Bacillus species were successfully isolated by Goldberg et al. in ١٩٧٧ 
from moist and dry soil sample from mosquito breeding sites in Israel. It was 
shown that these isolates exhibited rapid larvicidal activity against Anophline and 
Culicine mosquito larvae (Goldberg et al.١٩٧٧).   
 
١٫٣٫١. Classification of Bacillus Species: 
   Like many of the micro-organism’s classifications of the early ٢٠th century, 
Bacillus species were classified based on their morphological characteristics.  De 
Soriano (١٩٣٥) and Smith et al. (١٩٤٦) suggested the differentiation of bacterial 
swelling by the pores as one criterion, and Lamanna (١٩٤٦) suggested the size of 
bacterial cell and the spore's mode of germination. Under these criteria, Gordon 
(١٩٤٦) and Clark (١٩٥٢) showed that there is immense variation within each 
species identified. The general classification as reported by Breed et al. (١٩٧٥) was 
as follows: 
Tribe: actobacillae; Family: Bacillacaceae; Genus: Bacillus. 
In ١٩٧٥, Bergey published a manual in which a thorough treatment of this 
classification was presented. The groups were divided based on the shape and 
position of the spore, and on the presence or absence of swelling of the parent 
form, which is the spore-containing sporangium. Three groups amounted from 
these criteria. The first group does not have a swollen sporangium (Gram positive), 
and is divided into two subgroups based on cell size: A large cell subgroup 
consisting of B. mycoides, B. megaterium, B. cereus, and B. anthracis; and a small 
cell subgroup consisiting of B. pumilus, B. licheniformis, B. coagulans, and B. 
subtilis. The second group is characterized by a sproangia swollen by oval spores 
(Gram variable) and consists of B. polymyxa, B. circulans, and B. 
stearothermophilus. The third group is characterized by sporangia swollen by 
circular spore (Gram variable) and consists of B. sphaericus, B. pasteurii, and B. 
pantothenticus.  
١٫٣٫٢. Morphological Characteristics: 
   Species of bacillus are usually present in linear clusters, with single cells being 
rod shaped and their sizes varying between ١٫٢ µm² and ١٨ µm². Their 
arrangement is variable, and they may exist in groups or linear chains (Wilson and 
Miles ١٩٦٤). Their end spores are usually oval, ellipsoidal, round or cylindrical in 
shape, while some strains of certain species produce non-uniform kidney-like 
endosporic shapes (Sneath et al., ١٩٨٦). 
Gram reaction of Bacillus species was described by Buchanan and Gibson (١٩٧٤). 
They reported that the species are primarily gram positive, and not more than one 
endospore is heat resistant in a sporangial cell. 
Many Bacillus species are primarily aerobic, but some can grow anaerobically by 
fermenting sugar or by denitrification (Stainier et al. ,١٩٥٨). All species, except B. 
anthracis and B. mycoides, are motile using flagella (Wilson and Miles ,١٩٦٤).  
١٫٣٫٣. Physio-chemical Characteristics: 
    Biochemical tests by Gordon and Mcleod (١٩٨٢) show positive    results for 
catalse and oxidase tests. One of the prominent compounds produced by some 
species of Bacillus is hydrogen sulfide, and some species can reduce nitrite to 
nitrate. It has been detected in some species that acetyl-methyl carbinol is produced 
from glucose in the Voges-proskauer test (Wilson and Miles ١٩٦٤).  Most 
members of the Bacillus species are able to ferment glucose to produce acid, 
whereas some are able to reduce other sugars as well (Wilson and Miles                     
,١٩٦٤). 
Most Bacillus species are mesophilic, but some are thermophilic such as B. 
stearothermophilus, which requires a higher temperature for optimum growth 
conditions (٦٠ºc) (Staineir et al. ١٩٥٨). 
 
 
     
١٫٣٫٤. Bacillus Species Overview: 
 This section is an overview of some common Bacillus species. More detail is 
provided after this section for the B. thuringiensis and B. sphaericus species, which 
are essential for the main topic of the research. 
١. Bacillus lentus:- 
The rods range between ١µm² and ٤µm² in size, are poorly rounded and occur 
in singly or in pairs. Their pores are ellipsoidal, and cause the sporangia slight 
swelling if at all. The colonies are small, forming a round whitish shape in culture 
(Gibson, ١٩٣٥). 
٢. Bacillus cereus:- 
These are large, rod-shaped bacteria, ranging from ٣µm² to ٦µm² in size, and 
can be straight or slightly curvy with squared ends. It occurs in linear chains. The 
spores are oval, equatorial or sub-terminal, and do not cause the bacterial cell to 
appear swollen. They form large colonies (Frankland and Frankland, ١٨٨٧). 
٣. Bacillus stearothermophilus:- 
The rods range between ٢٫٢٥µm² and ٣٫٥µm², and their spores vary in size 
according to their characteristic shape, whether oval, terminal or sub-terminal. The 
spores cause a clear swelling in the sporangia. No standard characteristic is 
associated with colony formation. Their optimum growth temperature ranges 
between ٥٠ºc and ٦٥ºc (Donk, ١٩٢٠). 
٤. Bacillus mycoides:- 
Rod size varies between ٣µm² and ٥µm². The ends are slightly rounded, and the 
bacteria can occur in all ways (individual, paired, small group clusters, or linear 
chains). The spores are large, and can exist equatorially or ellipsoidally. The 
colonies are prominently large (Flugge, ١٨٨٦). 
 
 
٥. Bacillus coagulans:- 
Rods are between ١٫٥µm² to ٥µm² in size. The spores are ellipsoidal in the sub-
terminal to terminal region of the cell. Sporangia are not always swollen (Hammer, 
١٩١٥). 
٦. Bacillus licheniformis:- 
Rod size ranges between ٠٫٩µm² to ٢٫٤µm². The spores are oval to cylindrical, 
are present in the central region of the cell, and do not cause definite swelling. The 
colonies are rough and mucoid (Gibson, ١٩٤٤). 
More in depth overview of the common species Bacillus thuringiensis and Bacillus 
sphaericus follows. 
١٫٣٫٤٫١. Bacillus thuringiensis:-  
This species is characterized by cells that are large, rod-shaped, ranging from 
٣µm² to ٦µm². The spores do not cause distinctive swelling in the sporangia, and 
tend to lie obliquely in the sporangium. The colonies are large, with a rough 
surface, and flat (Berliner, ١٩١٥).  
This species is different from other species in that it produces crystalline protein 
bodies (Norris ١٩٦٩). It has been divided based on its production of H-antigens to 
١١ different serotypes (Norris, ١٩٦٩). Its toxins have been identified as the 
etiological agent of disease in larvae of many species of Lepidoptera, and have 
been proven to affect the larvae of many other harmful insects (Neppl,                     
٢٠٠٠).  
Bacillus thuringiensis var. israelensis (Bti) strain is a naturally occurring soil 
bacterium that can effectively kill mosquito larvae present in water. It is one of 
many strains of Bacillus thuringiensis, each having unique toxicity characteristics. 
Bti is very specific for mosquitoes and black flies, and has some toxicity toward 
certain other dipterans (including midges). Bti is the primary material used for 
mosquito control because of its low toxicity to non-target species (National 
Pesticide Information Center, ٢٠٠٠). 
Mode of Action:  
Spores that are eaten by mosquito larvae release toxins into the mosquito's gut, 
causing the larvae to stop eating and die. It is only effective against actively 
feeding larvae, and does not affect mosquito pupae or adults. After the insect 
ingests B.t., the crystal is dissolved in the insect's alkaline gut. Then the insect's 
digestive enzymes break down the crystal structure and activate B.t.'s insecticidal 
component, called the delta-endotoxin. The delta-endotoxin binds to the epithelial 
cells lining the mid-gut membrane and creates pores in the membrane, upsetting 
the gut's ion balance. The insect soon stops feeding and starves to death (Swadener, 
١٩٩٤). If the insect is not susceptible to the direct action of the delta-endotoxin, 
death occurs after B.t. starts vegetative growth inside the insect’s gut. The spore 
germinates after the gut membrane is broken; it is then reproduces and makes more 
spores. This body-wide infection eventually kills the insect (British Columbia 
Ministry of Health,١٩٩٢). Products that contain Bti are available in liquid, 
briquette (small block) and granular formulations. These formulations can be 
applied to water bodies by hand, with a sprayer, or aerially. Bti breaks down 
quickly in the environment and may need to be reapplied regularly to obtain 
adequate mosquito control. Depending on the formulation and environmental 
conditions, Bti may remain effective from ٢٤ hours to over one month 
(Washington State Department of Ecology, ٢٠٠٢). Bti may be applied to water 
bodies where mosquito larvae live. Since mosquitoes generally prefer to breed in 
standing water, typical locations where Bti may be used include storm water 
retention ponds, catch basins and shallow areas of wetlands and lakes that have 
been identified as a problem source of mosquitoes (Swadener, ١٩٩٤). 
 
 
Toxic Selectivity:  
Bacillus thuringiensis is very selective in its action against insects, because only 
certain insects are susceptible to delta-endotoxins (Swadener, ١٩٩٤). ٢٩ different 
crystals and deltaendotoxins have been identified (Fietelson et al., ١٩٩٢). Each 
variety of Bacillus thuringiensis can produce one or more of these toxins 
(Entwistle et al., ١٩٩٣). The toxins are activated by alkaline solutions and certain 
enzymes present in the insect's gut, which break the crystals into their toxic 
elements (Gill et al., ١٩٩٢). 
Acute Toxicity:  
Strains of Bacillus thuringiensis exhibit different toxicity characteristics 
(Swadener, ١٩٩٤). Two of the most common strains' acute toxicity has been tested 
in the laboratory.  
Bacillus thuringiensis var. kurstaki: B.t.k. and commercial products containing 
B.t.k. generally have low oral acute toxicity to rats. In tests with laboratory 
animals, researchers did not observe any adverse effects after feeding large doses 
(Berg et al., ١٩٩١). Other kinds of exposure have some acute effects: Rats who 
breathed air containing B.t.k. spore experienced respiratory depression (Oshodi and 
Macnaughtan, ١٩٩٠). And B.t.k. spores injected into rats’ veins aggravated 
preexisting disease (Berg, ١٩٩٠). This strain has been proven to cause skin 
irritation in Rabbits (Novo Nordisk Enzyme Toxicology Lab, ١٩٩٠).  
There have been few experimental studies assessing the toxicity of B.t.k. to 
humans. Most information comes from occupational exposures, or from exposures 
occurring during large-scale B.t.k. programs. One case of B.t.k. infection resulted 
from a farmer splashing a B.t.k. formulation, Dipel, in his eye. The man developed 
an ulcer on his cornea from which positive B.t.k. cultures were taken (Samples and 
Buettner, ١٩٨٣). Another man working on a spray program splashed B.t.k. on his 
face and eyes. He then developed skin irritation, burning, swelling, and redness. 
B.t.k. was cultured from a sample taken from his eye (Green et al., ١٩٩٠). A 
woman exposed to a B.t.k. formulation as a result of drift went to the hospital due 
to burning, itching and swelling of her face and upper chest. She later exhibited a 
fever, altered consciousness, and suffered seizures (Edamura, ١٩٩٢). 
Bacillus thuringiensis var. israelensis: In studies assessing B.t.i.’s acute toxicity 
to mammals, mortality only occurred when B.t.i. was injected into the abdomen or 
the brain (Swadener, ١٩٩٤). In one study conducted on rats, ٧٩ percent mortality 
occurred after a single injection into the brain (Siegel and Shadduk, ١٩٨٨). Effects 
other than mortality can also occur. For example, in mice injected with a B.t.i. 
suspension, spleens became enlarged (Siegel and Shadduk, ١٩٨٨). B.t.i. is irritating 
to both eyes and skin. Injection of both viable and inactivated B.t.i. spores under 
the skin resulted in abscesses in mice (Siegel and Shadduk, ١٩٨٨).  Rabbits’ eyes 
are irritated by B.t.i. (Siegel and Shadduk, ١٩٩٠). The irritancy of B.t.i. to eyes 
depends on the physical characteristics of the formulation; a dry, dusty formulation 
with smaller particles is less irritating and cleared from the eye more quickly than a 
clumped formulation with larger particles (Siegel and Shadduk, ١٩٨٨). In a 
purified form, B.t.i.’s endotoxin is clearly toxic to mammals. When the 
deltaendotoxin from B.t.i. was injected intravenously into mice, they exhibited 
rapid paralysis, followed by death within ١٢ hours. When the same dosage was 
injected under the skin of suckling mice, death occurred in ٢-٣ hours. The delta-
endotoxin also caused destruction of rat, mouse, sheep, horse, and human red 
blood cells (Thomas and D.J. Ellar, ١٩٨٣).  When a small protein isolated from the 
endotoxin was administered to mice at sub lethal levels, mice suffered from severe 
hypothermia and their heart beat slowed (Ware, ١٩٨٣). There has only been one 
case of documented adverse effects of B.t.i. on humans prior to ١٩٩٩. This case 
involved a researcher who accidentally injected himself with a mixture of B.t.i. and 
another kind of bacteria commonly found on human skin (Ware, ١٩٨٣). He 
suffered from a toxic reaction and irritated lymph vessels. When these two bacteria 
were later injected into rodents the combination was consistently lethal, but each 
bacteria injected separately caused only slight inflammation (British Columbia 
Ministry of Health, ١٩٩٢). An extensive study done in ١٩٩٩ by Bernstein et al. 
studied the immune responses of farm workers after being exposed to Bacillus 
thuringiensis pesticides. In order to evaluate the allergenicity of these organisms, 
the researchers conducted health surveys before and after the farm workers' 
exposure to B.t. pesticides. They found no evidence of occupationally related 
respiratory symptoms, but concluded that exposure to Bt sprays may lead to 
allergic skin sensitization (Bernstein et al., ١٩٩٩).     
١٫٣٫٤٫٢. Bacillus Sphaericus:-  
Bacillus sphaericus is a naturally occurring soil bacterium that can effectively 
kill mosquito larvae present in water. B. sphaericus has the unique property of 
being able to control mosquito larvae in water that is rich in organic matter. B. 
sphaericus is effective against Culex spp. but is less effective against some other 
mosquito species (Lacey, ١٩٩٠).  
Mode of Action: 
Bacillus sphaericus spores that are eaten by mosquito larvae release toxins into 
the mosquito's gut, causing the larvae to stop eating and die. B. sphaericus is only 
effective against actively feeding larvae, and does not affect mosquito pupae or 
adults. Granular formulations of B. sphaericus can be applied directly to water 
where mosquitoes breed or may be mixed with water and other substances and 
sprayed from the air or ground. Depending on the formulation and environmental 
conditions, B. sphaericus is generally effective from ١-٤ weeks after application 
(Washington Department of Ecology, ٢٠٠٢). B. sphaericus is typically applied to 
water with high organic content where mosquito larvae live. Areas where B. 
sphaericus is often the preferred choice for mosquito control includes waste 
lagoons (where animal wastes are treated) and storm water catch basins. Bacillus 
sphaericus is active only against the family Culicidae (mosquitoes) (Lacey and 
Merritt, ٢٠٠٣). 
Toxicity Effects: 
The host spectrum of B. sphaericus serotypes that are used for mosquito control 
is quite reduced relative to Bti, with only mosquito species being affected (Lacey 
and Merritt, ٢٠٠٣). Larvae of this species are voracious predators of mosquito 
larvae that breed in treeholes and other small collections of water (Lacey and 
Merritt, ٢٠٠٣). Tests with B. sphaericus against several other invertebrate species 
in laboratory and field conditions confirms their specificity for mosquitoes and 
lack of effect on non target insects including a variety of mosquito predators and 
chironomids and other species of Nematocera (Mathavan and Velpandi, ١٩٨٤). 
١٫٣٫٤٫٣. Effect of Bacillus on Mammals: 
McClintock and Schaffer (١٩٩٥) have undertaken a comprehensive study to 
assess the secondary effects of Bacillus thuringiensis on mammals. The extensive 
mammalian toxicity studies performed to support the safety of Bacillus 
thuringiensis-containing pesticides clearly demonstrate that the tested isolates are 
not toxic or pathogenic. Toxicity studies submitted to the US Environmental 
Protection Agency to support the registration of B. thuringiensis subspecies have 
failed to show any significant adverse effects in body weight gain, clinical 
observations, or upon necropsy. Infectivity and pathogenicity studies have shown 
that the intact rodent immune system responds as expected to eliminate B. 
thuringiensis gradually from the body after oral, pulmonary or intravenous 
challenge. Similar clearance patterns were observed with B. subtilis and B. 
sphaericus, which also were non-toxic to test animals. The results also indicate that 
the currently used protocols for toxicity/pathogenicity evaluations of 
microorganisms in laboratory animals have provided useful and necessary 
information for risk assessment (McClintock and Schaffer, ١٩٩٥). 
Another study by (Som and Gosh, ١٩٨٦) tested the effect of the inoculating B. 
thuringiensis on the mammalian gastrointestinal tract. The results were variable, 
but positive results showed that the strain of B. thuringiensis used (which was 
resistant to tetracycline and streptomycin) caused erosion of the villi and slight 
effects to the mucosa layer. The feeding experiments on mice using the same strain 
of B. thuringiensis showed that the bacteria can not flourish in the gastrointestinal 
tract of mice. No abnormality was observed in the gastrointestinal tract during the 
in-vivo studies (Som and Gosh, ١٩٨٦).  
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٢٫١ Collection of samples and area of collection:- 
   A total of ٣٠ samples of mosquito larvae were collected from Khartoum North 
and Khartoum from farms neighboring the River Nile, open drains and open tap 
water. Larval collections were done by using dippers and plastic dishes. 
٢٫٢٫١ Transportation of Samples:- 
   Samples were placed in labeled jars containing water taken from the site of 
collection, and then transported to the Department of Microbiology Faculty of Vet. 
Medicine at the University of Khartoum and processed within two hours after 
collection. 
٢٫٢٫٢ Isolation of bacteria from mosquito larvae:- 
   Different living and healthy instars larvae were removed from water and washed 
several times with tap water, then sterile distilled water, then sterile normal saline. 
Finally, they were dipped in ٧٠٪ alcohol for seconds and then washed and 
transferred to sterile slides for dissection. 
٢٫٢٫٣ Dissecting procedure:- 
   Under a dissecting microscope, larvae heads were decapitated from the whole 
body by using sterile blades and forceps, then the intestine of mosquito larvae were 
removed. The whole contents of the intestine were inoculated on blood agar and 
MacConkey’s agar. 
٢٫٣ Culture Media:- 
   All media were dispensed under aseptic conditions in an aseptic preparation 
room provided with ultra-violet lamp, flame, phenol disinfectant and ٧٠٪ alcohol 
for disinfecting the benches. All media were prepared according to the methods 
described by Oxoid manual (١٩٧٣). 
٢٫٣٫١ Solid Media:- 
٢٫٣٫١٫١ Nutrient Agar:- 
 Contents                                              (g/L) 
 
 Lab-lemco powder                              ١ 
 Yeast extract                                       ٢ 
 Peptone                                               ٥ 
 Sodium  Chloride                                ٥ 
 Agar                                                    ٥ 
 
Twenty-eight grams of dehydrated nutrient agar (oxoid) were suspended in a liter 
of distilled water, steamed to dissolve completely, pH adjusted to ٧٫٤ and sterilized 
by autoclaving at ١٢١ºC for ١٥ minutes. It was then poured into sterile plates or 
distributed in a ١٠ml amount into sterile screw-capped bottles and allowed to set in 
slope position. 
٢٫٣٫١٫٢ Blood Agar:- 
 Contents                                (g/L) 
 Lab-lemco   ١٠ 
 Peptone   ١٠ 
Sodium Chloride  ٥ 
Agar No. ٣   ١٥ 
 
Forty grams of blood agar base were suspended in one liter of distilled water, 
boiled to dissolve completely. The pH was adjusted to ٧٫٣ and then sterilized by 
autoclaving ١٢١ºC for ١٥ minutes. The base was cooled and the temperature was 
adjusted and kept at ٤٥-٥٠ºC in a water bath. Then ٧٪ of defibrinated sheep blood 
was added, mixed with gentle rotation and poured into sterile Petri-dishes in ٢٠ml 
volumes.  
٢٫٣٫١٫٣ MacConkey’s Agar:- 
 Contents   (g/L) 
 Peptone   ٢٠ 
 Lactose   ١٠ 
 Bile salt No. ٣  ١٫٥ 
 Sodium Chloride  ٥ 
 Crystal violet  ٠٫٠٠١ 
 Neutral red   ٠٫٠٣ 
 Agar No. ٣   ١٥ 
 
In a liter of distilled water, ٥١٫٥ grams of dehydrated MacConkey agar were 
suspended, boiled to dissolve completely, the pH was adjusted to ٧٫٤ and sterilized 
by autoclaving at ١٢١ºC for ١٥ minutes and poured in sterile plates in ٢٠ml 
volumes. 
٢٫٣٫١٫٤ Starch agar 
 Contents    (g/L) 
 Potato Starch  ١٠ 
 Distilled Water  ٥٠ml 
 Nutrient agar  ١٠٠٠ml 
 
The starch was triturated with water to a smooth cream, added to the molten 
nutrient agar, mixed, sterilized at ١١٥ºC for ١٠ minutes and dispensed into sterile 
Petri-dishes in ٢٠ ml volumes. It was used to differentiate between different 
species of bacillus. 
 
٢٫٣٫١٫٥ Simmon's citrate agar 
 Contents             (g/L) 
 Magnesium Sulfate             ٠٫٢ 
 Ammonium dihydrogen phosphate    ٠٫٢ 
 Sodium ammonium phosphate           ٠٫٨ 
 Sodium citrate tribasic            ٢ 
 Sodium chloride              ٥ 
 Bromo-thymol blue   ٠٫٠٨ 
 Aagr No. ٣              ٥ 
 
Twenty three grams of dehydrated Simmons citrate agar (Oxoid) were suspended 
in one litre of distilled water, boiled to dissolve completely; the pH was adjusted to 
٧٫٠ and sterilized by autoclaving at ١٢١ºC for ١٥ minutes. It was then poured into 
sterile screw-capped bottles and allowed to set in slope position. 
٢٫٣٫١٫٦ Urea Agar Medium 
 Urea Agar Base contents          (g/L) 
 Peptone              ١٫٠ 
 Dextrose               ١٫٠ 
 Sodium chloride             ٥٫٠ 
 Disodium phosphate    ١٫٢ 
 Potassium dihydrogen phosphate ٠٫٨ 
 Phenol red              ٠٫٠١٢ 
 Agar No. ٣            ١٥ 
An amount of ٢٫٤ grams of urea agar base was suspended in ٩٥ml of distilled 
water, steamed to dissolve completely; pH was adjusted to ٦٫٨ and then sterilized 
by autoclaving at ١١٥ºC for ٢٠ minutes. Cooling and keeping the temperature in 
water bath at ٥٠ºC, ٥ ml of sterile ٤٠٪ urea solution were aseptically added and 
mixed well. Then the medium was distributed in ١٠ml amounts into sterile 
containers and allowed to set in slope position. 
 
 
 ٢٫٣٫١٫٧ Lecitho-Vitellin (LV) agar 
            Contents 
 Lecitho-vitellin solution  ١٠٠ ml 
 (egg yolk emulsion) 
 Hen eggs    ٤ 
 NaCl (٠٫٨٥٪) solution  ١٠٠٠ ml 
 Nutient agar    ٩٠٠ml 
 
Egg yolk was separated from egg white and beaten in saline to form homogeneous 
mixture. The nutrient agar was melted and cooled to about ٥٥ºC, Lecitho-Vitellin 
emulsion was added aseptically, mixed and ٢٠ ml volumes was dispensed into 
sterile plates. 
٢٫٣٫١٫٨ Casein agar (Milk agar) 
 Contents   (g/L) 
 Peptone   ٥ 
 Yeast extract  ٣ 
 Skim milk   ١٠ml 
 Agar    ١٥ 
 
Fresh milk was stored overnight in a refrigerator. The creamy layer was removed, 
and the milk was steamed for one hour and cooled in a refrigerator. ٢٤grams of 
solids suspended in one liter of distilled water, boiled to dissolve completely and 
sterilized by outoclaving at ١١٥ºC for ١٠ minutes after adjusting the pH to ٧٫٢ 
 
 
 
 
٢٫٣٫١٫٩ Aesculin Agar 
  Contents   (g/L) 
 Aesculin   ١ 
 Ferric citrate  ٠٫٥ 
 Agar    ٢٠ 
 Peptone water  ١٠٠ml 
The medium was sterilized by autoclaving at ١١٥ºC for ١٠ minutes. Then each 
١٠ml amounts were poured aseptically into sterile bottles and allowed to set in a 
slope position. 
٢٫٣٫١٫١٠ Ammonium salt sugars (ASS) 
 Contents           (g/L) 
 Ammonium monohydrogen phosphate ١ 
 Potassium chloride             ٠٫٢ 
 Magnesium sulphate    ٠٫٢ 
 Yeast extract     ٠٫٢ 
 Agar              ٢٠ 
 ٠٫٢ % bromcresol purple           ٤ml 
 
The solids were added to one liter of distilled water and dissolved by steaming. 
The indicator was added and the medium was sterilized by outoclaving at ١١٥ºC 
for ٢٠ minutes. The basal medium was allowed to cool to about ٦٠ºC and the 
appropriate sterilized solution of carbohydrate was added to give a final 
concentration of ١٪. The medium was mixed thoroughly and distributed aseptically 
into sterile tubes which were inclined so that the medium sets as a slope. 
 
 
 
٢٫٣٫٢ Semi-solid Media 
٢٫٣٫٢٫١ Motility Media 
 Contents   (g/L) 
 Nutrient broth  ١٣ 
 Agar    ١٫١ 
 
It was prepared by adding ١٤٫١ grams of medium powder that was suspended in 
one liter of distilled water and boiled to dissolve completely. The pH was adjusted 
approximately to ٧٫٢ and then the medium was distributed in ٣٫٥ml volumes into 
test tubes containing Craigie tubes and sterilized by outoclaving at ١٢١ºC for ١٥ 
minutes.  
٢٫٣٫٢٫٢ Hugh and Leifson's (O/F) medium 
 Contents           (g/L) 
 Peptone              ٢ 
 Sodium Chloride             ٥ 
 Potassium dihydrogen Phosphate ٠٫٣ 
 Agar               ٣ 
 Distilled water    ١٠٠٠ml 
 Bromo-thymol blue ٠٫٢٪ ag. Soln. ١٥ ml 
 
The ingredients were boiled to dissolve completely in one liter of distilled water, 
the pH was adjusted to ٧٫١, filtered and the indicator was added and then sterilized 
by autoclaving at ١١٥ºC for ٢٠ minutes. ١٠ ml of ١٠٪ sterile glucose solution was 
added aseptically to ٩٠ ml of the medium to give a final concentration of ١٪, 
mixed and ١٠ ml of amounts were aseptically distributed into sterile test tubes. 
٢٫٣٫٢٫٣ Nutrient Gelatin:- 
 Contents    (g/L) 
 Lab lemco powder   ٣ 
 Peptone    ٥ 
 Gelatin    ١٢٠ 
 Distilled water   ١٠٠٠ml 
 
The medium was prepared by adding ١٢٨ grams to one liter of distilled water, 
steamed to dissolve completely. The pH was adjusted to ٦٫٨ and poured in ٥ ml 
volume into sterile Bijou bottles and sterilized by autoclaving at ١١٥ºC for ١٥ 
minutes. 
٢٫٣٫٣ Liquid Media 
٢٫٣٫٣٫١ Nutirent broth 
 Contents   (g/L) 
  
 Lab lemco powder  ١ 
 Yeast extract  ٢ 
 Peptone   ٥ 
 Sodium Chloride  ٥ 
 Distilled water  ١٠٠٠ml 
 
The medium was prepared by dissolving thirteen grams of dehydrated nutrient 
broth in one liter of distilled water, then it was mixed well, the pH was adjusted to 
٧٫٤ and sterilized by autoclaving at ١٢١ºC for ١٥ minutes. After sterilization the 
medium was poured into sterile tubes in ٥ ml amounts. 
٢٫٣٫٣٫٢ Nutrient broth (١٠٪ NaCl):- 
   It was prepared by adding ١٠gm of NaCl to the contents of nutrient broth to 
achieve medium with concentrations of ١٠٪ NaCl. pH was adjusted to ٧٫٤. 
 
 
٢٫٣٫٣٫٣ Peptone Water:- 
 Contents   (g/L) 
 Peptone   ١٠ 
 Sodium Chloride  ٥ 
 Distilled water  ١٠٠٠ml 
  
It was prepared by dissolving fifteen grams of peptone in one liter of distilled 
water, mixed well and the pH was adjusted to ٧٫٢. The medium was then 
distributed in ٥ml amounts into bijou bottles or test tubes and sterilized by 
autoclaving at ١٢١ºC for ١٥ minutes. 
٢٫٣٫٣٫٤ Peptone Water Sugars:- 
The solution of the specific sugar was prepared by dissolving ١٠ grams of sugar in 
٩٠ ml of distilled water and then in ٩٠٠ ml of peptone water. ١٠ ml Andrade's 
indicator was added and the mixture was thoroughly mixed. The medium was 
distributed into sterile test tubes and the pH was adjusted to ٧٫١-٧٫٣ and then 
sterilized by autoclaving at ١١٥ºC for ١٠ minutes.  
٢٫٣٫٣٫٥ Nitrate Broth 
         Contents   (g/L) 
 
 Potassium nitrate  ١ 
 Nutrient broth  ١٠٠٠ml 
 
The medium was prepared by dissolving one gram of potassium nitrate in one liter 
of nutrient broth, distributed into tubes in ٥ml volumes and sterilized by 
autoclaving at ١١٥ºC for ٢٠ minutes. 
٢٫٣٫٣٫٦ Glucose Phosphate Broth (for M.R. and V.P. test):- 
 Contents   (g/L) 
  
 Peptone water  ٥ 
 K٢HPO٤   ٥ 
 Glucose sugar  ٥ 
 
The medium was used for methyl red (M.R.) test and Voges Proskauer (VP) test. It 
was prepared by adding the peptone and K٢HPO٤ in one liter of distilled water, 
mixed, steamed to dissolve, filtered and the pH was adjusted to ٧٫٥. Glucose was 
added to give final concentration of ١٪, mixed, distributed into sterile tubes in ٥ml 
volumes and sterilized by outoclaving at ١١٥ºC for ١٠ minutes.  
٢٫٤ Reagents:- 
   Reagents, which were used in this study, were obtained from British Drug 
Chemicals (BDH). They were prepared according to Barrow and Feltham (١٩٩٣). 
١.  Hydrogen Peroxide 
   It was prepared as a ٣٪ aqueous solution and used for catalse test. 
٢.  Tetra-methyl-p-phenylene diamine dihydrochloride:- 
   It was prepared as fresh ١٪ aqueous solutions and kept in a brown bottle in the 
dark and was used for oxidase test.  
٣.  Methyl red:- 
   It was prepared by dissolving ٠٫٠٤ grams of methyl red in ٤٠ ml ethanol and 
diluted with distilled water to ١٠٠ml. It was used in the methyl red test. 
٤.  Voges-Proskauer (VP) test reagent:- 
   It consists of ٥٪ α-napthol in ethanol as reagent (A) and ٤٠٪ aqueous solution of 
NaOH as reagent (B). It is used for the detection of acetyl methyl carbinol 
production.  
٥.  Nitrate test reagent:- 
   It consisted of two solutions; solution (A): ٠٫٨٪ sulphanilic acid in ٥ N-acetic 
acid, which was prepared by mixing ٠٫٤ ml of sulphanilic acid in ٥٠ml of ٥ N-
acetic acid. Solution (B): ٠٫٥٪ dimethyl-α-naphthylamine in ٥ N-acetic acid.  
٦.  Kovac's Reagent:- 
   It was composed of ٥ grams p-dimethylamino-benzaldehyde, ٧٥ml of 
amylalcohol and ٢٥ ml concentrated hydrochloric acid. Kovac's reagent was 
prepared by dissolving the aldehyde in the alcohol by gentle warming in water bath 
(٥٠-٥٥ºC), cooled and the acid was added, protected from light and stored at ٤ºC. 
It was used for detection of indole production.  
٧.  Lugol's iodine:- 
   It is composed of ٥ grams iodine, ١٠ grams potassium iodine. They were 
dissolved in ١٠٠ ml distilled water and used at ١/٥ dilution. 
٨. Lead Acetate paper:- 
   It was prepared from a filter paper cut into strips of ٥-١٠ mm wide and ٥٠-٦٠ 
mm long and impregnated with the hot saturated lead acetate solution, dried at ٥٠-
٦٠ºC and stored in screw-capped containers. It was used for detection of H٢S 
production.  
٢٫٥ Indicators:- 
   All indicators were prepared according to Barrow and Feltham (١٩٩٣).  
١.  Andrade's Indicator:- 
   It was used in peptone water sugar medium. It was prepared by dissolving ٥ 
grams of acid in one liter distilled water and then ١٥٠ml in NaOH solution was 
added.  
٢.  Bromothymol Blue:- 
   It was used for citrate medium and (O-F) medium.  
٣.  Phenol Red:- 
   It was used for urea agar base medium 
٤.  Zinc Powder:- 
   It was used for nitrate reduction test in ٥ mg/ml culture. 
 
  
٢٫٦.  Solutions:- 
٢٫٦٫١. Normal Saline (٠٫٨٥ %) 
   It was prepared by dissolving ٨٫٥ grams of sodium chloride in one liter distilled 
water and sterilized by autoclaving at ١٢١ºC for ١٥ minutes.  
٢٫٧. Methods of Sterilization and Disinfection:- 
٢٫٧٫١. Sterilization:- 
٢٫٧٫١٫١. Dry Heat:- 
٢٫٧٫١٫١٫١. Hot Air Oven:- 
   This method was used for sterilization of clean glassware, such as Petri-dishes, 
pipettes, test tubes, flasks, mortars and pestles at ١٦٠ºC for one hour. 
٢٫٧٫١٫١٫٢.  Flaming:- 
   It was used for wire loops, straight wires and points of tissue forceps. 
Sterilization achieved by holding the object as near as possible to the flame until it 
became red hot. 
٢٫٧٫١٫٢. Moist Heat:- 
٢٫٧٫١٫٢٫١.  Autoclaving:- 
   Glassware such as Mac Cartney, Bijou and universal bottle were sterilized in the 
autoclave at ١٥ lbs pressure for ١٥ minutes (١٢١ºC for ١٥ minutes). Media such as 
motility medium, nutrient broth, peptone water, O-F medium and nitrate broth 
were sterilized at ١١٥ºC for ٢٠ minutes. Nutrient agar, blood agar, cooked meat 
medium and mannitol salt agar were sterilized at ١٢١ºC for ١٥ minutes whereas 
glucose phosphate broth, gelatin agar and aesculin broth were sterilized by 
autoclaving at ١١٥ºC for ١٠ minutes.  
٢٫٨ Cultural Methods:- 
٢٫٨٫١ Primary Isolation:- 
   Intestine contents of the larvae were inoculated onto blood agar plates for 
primary isolation of bacteria. 
 
٢٫٨٫٢ Incubation of Cultures:- 
   Plates inoculated for any isolation were incubated aerobically at ٣٧ºC for ٢٤ 
hours. Longer incubation period was used in identification test media. O-F, urease 
and citrate media were incubated for up to ١٥ days. 
٢٫٨٫٣ Purification of isolates:-  
   Primary isolates were sub-cultures on nutrient agar to obtain pure cultures. The 
process was repeated till pure isolates were obtained and kept in nutrient agar 
slants for further identification. 
٢٫٨٫٤ Detection of pigment production:- 
   For pigment production nutrient agar plates were inoculated with the test 
organism, incubated for ٢٤ hours at ٣٧ºC and then transferred and kept our at room 
temperature for observation for up to five days. Colours were recorded as red, 
orange, yellow, brown, green and black or negative (i.e. no production of pigment).  
٢٫٨٫٥    Identification of Isolates: 
٢٫٨٫٥٫١ Cultural characteristics:- 
   Culture on solid media were examined with the naked eyes for growth and 
colonial morphology as well as any visible change in the media such as colour, 
shape, size and haemolysis in blood in blood agar medium. Liquid media are 
examined with the naked eye for turbidity, pellettal formation, sediment and colour 
change. Plates which did not show visible growth were re incubated and examined 
daily for up to seven days before they were regarded as negative. 
٢٫٨٫٥٫٢ Primary tests:- 
٢٫٨٫٥٫٢٫١ Gram staining and microscopy:- 
   Gram's stain was done according to the method described by Barrow and 
Feltham (١٩٩٣). It was used to study morphology, shape and Gram staining 
reaction of each isolates. Sterile loop was used to prepare emulsion from single 
colony by adding it to a drop of normal saline on a clean slide. This smear was 
made and allowed to dry in air, fixed by flaming, placed on a rack and flooded 
with crystal violet (basic stain) and stained for ٢-٣ minutes. Slides were washed in 
running tap water until the stain stopped running. Then the slide was covered with 
Lugol's iodine (mordant) for ٣٠ seconds and washed in tap water. Decolonization 
was made with a few drops of acetone in no time. The slide was washed 
thoroughly in water and counterstained with diluted carbol fuchsin for half a 
minute, washed and bottled to dry with a filter paper. The prepared slides were 
examined under the microscope using oil-emersion lens. Bacteria colored red were 
labeled as gram-negative organisms with violet colored bacteria were labeled as 
gram-positive.  
٢٫٨٫٥٫٢٫٢. Spore stain:- 
   Spores' stain was done according to the method described be Barrow and 
Feltham (١٩٩٣) the slides were placed on the rack and flooded with the strong 
carbon fuchsin and heated until the steam came out. The slide was washed after ٥ 
minutes with distilled water, washed and bottled dry. Vegetative cells stained blue, 
while spores stained red.  
٢٫٨٫٥٫٣ Secondary Identification by Biochemical Tests:- 
   All biochemical tests were performed according to Barrow and Feltham (١٩٩٣) 
and Sneath et al. (١٩٨٦). 
٢٫٨٫٥٫٣٫١ Catalase Test:- 
   The tested organism was grown on nutrient agar and ١ ml of ٣٪ hydrogen 
peroxide (H٢O٢) was added to the culture. Immediate evaluations of gas bubbles 
indicate catalase activity. 
٢٫٨٫٥٫٣٫٢ Oxidase test:- 
   The organism was grown on Nutrient agar. A piece of filter paper (٢ cm 
diameter) was placed in a Petri dish and ٢-٣ drops of tetra-methyl-p-phenylene 
diamine dihydrochloride were added. The organism was taken by a sterile glass rod 
and smeared across the surface of the impregnated paper. A positive reaction was 
indicated by development of dark purple color with ١٠ seconds, while no color 
change indicated negative reaction. 
٢٫٨٫٥٫٣٫٣ Motility Test:- 
   The tested strain was stabbed into the motility medium using a straight wire and 
incubated at ٣٧ºC for ٤٨ hours. Motile bacteria spread outside the Criagie tube. 
 
٢٫٨٫٥٫٣٫٤ Oxidation Fermentation of Glucose (O-F) Test:-  
   The O-F test was used to determine whether a bacterium has the enzymes 
necessary for the aerobic break down of glucose (oxidation) and/or for the 
fermentation of glucose. Two tubes containing Hugh and Leifon's medium were 
inoculated with the test organism by stabbing with a straight wire. The medium is 
one of the inoculated tubes was covered with a layer of sterile liquid paraffin oil to 
a depth of one cm. The tubes were incubated and examined daily for up to ١٤ days. 
Change in color to yellow in both opened and oil sealed tubes, indicated a 
fermenting organism, yellow color in the open tube alone meant that the organism 
was oxidative. 
٢٫٨٫٥٫٣٫٥ Sugar Fermentation:- 
  The test was carried out in media containing xylose, glucose, galactose, salicin, 
rafinose, and mannose. The concentration of the sugars was ١٪ in peptone water. 
Each test organism was inoculated into a set of sugar tubes. Incubated at ٣٧ºC and 
examined for acid production, which causes change in color to pink. If color 
remained unchanged, the organism considered negative for acid production from 
agar media. 
٢٫٨٫٥٫٣٫٦ Urease Test:- 
   A slope of urea agar medium was inoculated with the organism, incubated at 
٣٧ºC and examined daily for up to ٧ days. Change of color to pink indicated 
positive reaction. No change in color was considered negative. 
 
٢٫٨٫٥٫٣٫٧ Citrate Utilization Test:-  
   Simmon’s citrate medium was inoculated with the tested organism incubated at 
٣٧ºC and examines daily for ٧ days. An alkaline reaction indicated positive which 
changed to blue color. No change in color was considered as negative. 
٢٫٨٫٥٫٣٫٨ Indole Test:-  
    Peptone water medium was inoculated with tested organism and incubated for 
٤٨ hours. A volume of ٠٫٥ ml of Kovac’s reagent was added and the tube was 
shaken gently and examined after one minute. A positive reaction for Indole 
production was indicated by formation of a ring of pink color at the interface. 
٢٫٨٫٥٫٣٫٩ Methyl Red Reaction:- 
    Glucose phosphate medium was inoculated with the tested organism and 
incubated at ٣٧ºC for ٤٨ hours, then two drops of methyl red solution was added 
and a positive reaction was indicated by the development of a red colour. 
   
٢٫٨٫٥٫٣٫١٠ Voges-Proskauer (V-P) Test:- 
   Glucose phosphate broth was cultures with the tested organism and incubated at 
٣٧ºC for ٤٨ hours, then ١ ml of this culture was transferred into a sterile bottle, to 
which ٠٫٦ ml of ٥٪ alcoholic solution of α-napthol and ٠٫٢ ml of ٤٠٪ potassium 
hydroxide (KOH) were added. The mixture was then shaken and examined after ١٥ 
minutes to one hour in a slope position. A positive reaction was indicated by the 
development of strong red color.  
٢٫٨٫٥٫٣٫١١ Aesculin Hydrolysis:-  
  Aesculin agar was inoculated with tested cultures, incubated at ٣٧ºC and 
examined daily for ٧ days. Blackening around the colonies indicated positive 
reaction. 
٢٫٨٫٥٫٣٫١٢ Starch Hydrolysis:- 
  Starch agar was inoculated with the tested organism and incubated at ٣٠ºC for ٥ 
days. The medium was then flooded with Lugol's iodine solution. Turning of the 
color of the medium to blue indicated that starch was not hydrolyzed, and 
hydrolysis was indicated by a clear colorless zone. 
٢٫٨٫٥٫٣٫١٣ Gelatin Hydrolysis or Liquefactions:- 
   Nutrient gelatin medium was incubated at ٣٧ºC, examined for up to ١٤ days. 
Every ٢-٣ days, the inoculated medium was transferred to the refrigerator for ٢ 
hours and then examined for liquefaction. Positive reactions were indicated by 
hydrolysis of the gelatin medium and loss of its jelling property, while negative 
reaction was indicated by no gelatin liquefaction. 
 
٢٫٨٫٥٫٣٫١٤ Nitrate Reduction:- 
   Nitrate broth was inoculated with the tested organism, incubated at ٣٧ºC for ٢ up 
to five days. The ١ ml of nitrate reagent solution A was added followed by ١ ml of 
nitrate reagent solution B. Positive reaction was indicated by the development of 
red colour. He tube was not showing red colour within five minutes, powdered zinc 
was added up to ٥gram.ml of culture and allowed to sit. The development of red 
colour meant nitrate was not reduced by the bacteria (i.e. negative) while absence 
of red colour meant the nitrate was reduced to nitrite and then further to gasses. 
٢٫٨٫٥٫٣٫١٥ Digestion of casein:- 
 A plate of casein agar was inoculated with the test organism, incubated at ٣٧ºC, 
examined for up to ١٤ days. Clearing of the medium around the bacterial growth 
indicated positive reaction. 
٢٫٨٫٥٫٣٫١٦ Lecitho-Vitellin Reaction:- 
   Lecitho-Vitellin agar was inoculated by tested bacteria and incubated for ٥ days 
to examine the grown, opalescence under and around the colonies was considered a 
positive reaction. 
٢٫٨٫٥٫٣٫١٧ Ammonium Salt Sugar Test:- 
   Ammonium salt sugar medium was inoculated by tested bacteria and incubated 
at ٣٧ºC for ٧ days; growth and acid production indicated positive reaction. 
٢٫٨٫٥٫٣٫١٨ Growth in Medium with increased NaCl Concentration:- 
   Broth of the required salt concentration was inoculated with the organism to be 
tested, and incubated at the optimal temperature for growth. Salt organisms 
(halophiles bacteria) showed a good growth in this media, while non salt-tolerant 
organisms showed no growth. 
٢٫٨٫٥٫٤ Preservation of Culture:- 
   Pure colonies of fully identified organisms were inoculated on cooked meat 
medium and nutrient agar slant, incubated at ٣٧ºC for ٢٤-٤٨ hours, and then 
preserved at ٤ºC in the refrigerator.  
 
٢٫٨٫٥٫٥ Preparation of the Bacillus Metabolites:-  
   Spore suspension was produce by inoculation of a pure overnight culture of 
Bacillus species in dextrose broth. The inoculated broth was incubated at ٣٧ºC 
over-night. The sporulated culture was centrifuged at ٣٠٠٠ round/minute for ٢٠ 
minutes in cold centrifuge.  
٢٫٨٫٥٫٦ Preparation of the Filtrated Bacillus Metabolites:- 
   The supernatant was then filtered using Seitz filter by ٠٫٢ µm-mili-pore 
membrane filter size. The filtrated solution was poured into sterile bottle. 
٢٫٨٫٥٫٧ Preparation of the concentrated Bacillus Metabolites:- 
   Filtrated supernatant was concentrated by dialysis tube against poly-ethylene 
glycol powder. Finally the concentrated metabolite was filtered under aseptic 
conditions into sterile bottles, then stored and kept at -٢٠ºC until used. 
٢٫٨٫٥٫٨ Pathogenicity of Bacillus Species to mosquito larvae:- 
   Five Anopheles mosquito larvae were put into each conical flask, to which ٢٠ml 
of water was added before addition of the bacillus metabolites under test. 
 
 
 
٢٫٨٫٥٫٩ Screening test for the larvicidal (toxicity of the concentrated 
metabolites) of Bacillus spp. Isolated from the mid-gut of anopheles mosquito 
larvae against mosquito larvae in-vitro:- 
   The concentrated metabolites of every bacillus strain isolated from the mid-gut 
of Anopheles arabiensis mosquito larvae were tested for larvicidal activity against 
the anopheles larvae under laboratory condition. 
Different doses of the concentrated fraction of the metabolites of bacillus spp. were 
added to the flask. The flasks were incubated over-night. Observation of changes 
(death, metamorphosis and pupation) were recorded after ٢٤-٤٨ hours as shown in 
the table ٣ in the results' section.  
٢٫٩ Effects of Concentrate Metabolites on Different Animal Species:- 
٢٫٩٫١. Mice:- 
   An oral dose of ٠٫٥ ml concentrate metabolites of B. thuringiensis and B. 
Sphaericus were given to healthy suckling mice. The results were obtained after 
half an hour of dose administration. Control mice were given normal saline (N.S). 
٢٫٩٫٢. Rabbit:-  
 The concentrated metabolites were examined in two ways:- 
a. An oral dose of ٢ml concentrated metabolites of B. thuringiensis and B. 
Sphaericus were given to the rabbit and the result was obtained after ٣ 
days. 
b. Intravenously: Different doses of the concentrated metabolites were 
injected intravenously. First dose was ٠٫٢٥ ml. Observation (fever, pain, 
feeding, and dullness) were recorded, and after ١٨ hours the rabbit was 
killed for post-mortem examination. 
The second dose was ٠٫١ ml of the concentrated metabolites was injected 
intravenously. Observations were recorded after ١٨ hours, and the rabbits 
were killed for post-mortem examination and histopathological studies 
(Control was included by normal saline) 
٢٫٩٫٣ Goat:- 
   Healthy goats were drenched orally by ٢٠ ml of the concentrated metabolites. 
After ٨ days, they were killed for post-mortem examination (٨ days of 
observation). 
٢٫١٠. Histopathological Techniques 
   Samples for histopathology were collected immediately after post-mortem and 
put in a suitable fixative before any of the post-mortem changes take place.  
The whole carcass was examined carefully for any abnormal changes  
 
١/ Fixation:-  
   This is the process in which cells and tissue are preserved in most life-like 
manner. The fixatives used are:- 
١. ١٠٪ neutral formalin 
٢. Mercuric Chloride 
٣. Zinker's fluid 
٤. Susa fixative. 
The time needed for fixation was from ٢٤-٤٨ hours. 
  The ١٠٪ neutral formalin was prepared as follows: 
  
  Formalin     = ١٠٠ml 
  Distilled Water    = ٩٠٠ ml 
  Disodium hydrogen orthophosphate = ٦٫٥ gm 
  Sodium dihydrogen orthophosphate = ٤٫٠ gm 
  
٢/ Dehydration:-  
   In this stage water is removed from the tissue. The tissue was cut into small 
square pieces, and labeled with a pencil then washed in running tap water for ١٥ 
minutes to remove the fixing agent. The following concentrations of alcohol were 
used: ٦٠٪ alcohol, ٧٠٪, ٨٠٪, ٩٠٪, ٩٥٪, and ١٠٠٪ (absolute alcohol) {three 
changes}. 
٣/ Clearing:-  
   This increase the refractive index to make the sections transparent. The agents 
used were chloroform, zylene, benzene, and cedar wood oil. 
٤/ Impregnation:-  
   The clearing agent was removed from the tissue using melted paraffin wax in 
two changes. The wax then penetrated the tissue to fill the intracellular spaces. 
 
٥/ Manual Processing:-  
Section were put into ٦٠٪ alcohol for ١ ١/٢ an hour, ٧٠٪ alcohol during the day 
{٤-٥ hrs}, ٩٠٪ alcohol overnight, Abs. alcohol {three changes} ٦ hrs {two hrs 
each}, chloroform overnight (١٥-١٨ hrs) and melted paraffin wax {two changes} 
٣-٤ hrs. A vacuum embedding system was used for the tissues that contain air (e.g. 
lungs). 
٦/ Blocking:-  
   Tissues were blocked in melted paraffin wax and quickly cooled to facilitate 
cutting.  
٧/ Section cutting:- 
   In the usual manner sections were cut with aid of rotary microtome. ٥-٦ microns 
{٢ micron = ٠٫٠٠١ millimeter} gave suitable thin sections for the routine work 
(one layer thickness). 
٨/ Fixing section to slide:-  
   The section was transferred to a  warm bath (٥٠-٥٤ºC) containing a little amount 
of gelatin powder, and was left to float, then was fixed to the slide glass and 
incubated for ٣٠ minutes at ٦٠ºC to dry.   
٩/ Staining:-  
١. zylene was used to remove wax from the section (١٠ minutes). 
٢. Absolute alcohol was used to remove zylene (٢ changes, ٥ minutes each) 
٣. The section was then hydrated as follows: Rinse in ٩٠٪ alcohol for ٥ mins, 
٧٠٪ alcohol for ٥ minutes, and distilled water for ٥ minutes. 
١٠/ Routine Stain {Haematoxyline and Eosin (H&E)} 
Preparation of Stains:- 
A/ Haematoxyline:- 
 Haematoxuyline powder  = ٢ grams 
 Absolute alcohol    = ١٠٠ ml 
 Glycerin   = ١٠٠ ml 
 Distilled water  = ١٠٠ ml 
 Glacial acetic acid  = ١٠٠ ml 
 Ammonium alum  = ١٠-١٤ grams 
 
B/ Eosin:- 
Eosin Powder ١ gm dissolved in distilled water, and complete ١٠٠ ml. 
C/ Acid alcohol (١٪):- 
١ ml of concentrated HCl + ٩٩ ml of ٧٠٪ alcohol mixed together. 
١١/ Staining Procedure:-     
١. Section was stained in haematoxyline for ١٠ minutes. 
٢. Section was then washed in running tap water several times. 
٣. Then differentiated in ١٪ acid alcohol. 
٤.  Blue in running tap water for at least ١٠ minutes. 
٥. Counter was stained with Eosin ٢-٣ minutes. 
٦. Rinsed quickly in tap water. 
٧. The section was then dehydrated in ٧٠٪ alcohol, ٩٠٪ and absolute alcohol. 
٨. After removal of excess alchol, the section was cleared in zylene. 
١٢/ Mounting:- The section was covered with a cover slip using suitable mounting 
material. 
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٣٫١. Isolation of Bacteria: 
    A total number of ٣٠ intestinal contents of healthy Anopheline mosquito larvae 
were collected and subjected to bacteriological examination. Gram positive and 
negative bacteria were isolated, Bacillus species were the most prevalent ones and 
the other isolates were Staphylococcus spp, Streptococcus spp, Micrococcus spp, 
Actinobacillus spp, Rothia spp. The most frequent Bacillus species isolated from 
the different samples were B. cerus followed by B. myocoides. More than one 
species of Bacillus were isolated from every one sample. All of them were motile 
except B. mycoides, (See table٣٫١). 
 
Table (٣٫١): Bacteria which isolated from the mid-gut of An. Arabiensis 
larvae.  
Bacillus Species Other Species 
B. cerus Staphylococcus spp. 
B. mycoides Streptococcus spp. 
B. subtils Micrococcus spp. 
B. amylolquofacients Actino bacillus spp. 
B. sphaericus Rothia spp. 
;B. thuringiensis  
B. licmanforms  
B. circulans  
B. poly myxa  
B. coagulans  
 
 ٣٫٢. Biochemical Properties of Bacillus spp: 
 For the acid formed from sugar Salicine they were positive except B. coagulans. 
The utilization of glucose, nitrate, starch and VP all of them were positive. All 
Bacillus spp isolates were motile except B. mycoides, the result of other 
biochemical test varied from species to species as shown in table (٣٫٢) 
Table (٣. ٢): Biochemical properties of Bacillus spp. Isolated from mid-gut of mosquito larvae: 
            B.isolate 
   Test. 
B. 
 cerus 
B. 
mycoides 
B. 
 subtilis 
B. 
amyloliqufaciens 
B. 
sphaericus 
B. 
thuringiensis 
B. 
lichmonfirmis 
B. 
 circulans 
B. 
 polymyxd 
B. 
coagulans 
Gram Reaction + + + + + + + - - + 
Motility + - + + + + + + + + 
Growth in ١٠٪ 
NaCl 
- - + + - - + - + + 
Glucose + + + + + + + + + + 
Galactose - - - - - + - + - - 
Mannose - - + + + + + + + + 
Raffinose - - + + - - + + + + 
Salicine + + + + + + + + + - 
Xylose - - - + - - + + + + 
Citrate - + + - + + + - - + 
Urease - - - - - - + - - - 
VP + + + + + + + + + + 
Nitrate + + + + + + + + + + 
Casein + + + + + + + - + + 
Starch + + + + + + + + + + 
Oxidase - + - - + - - - - + 
Catalase + + + + + + + + + + 
Lecitinase + - - - + + -  - - 
٣٫٣. The larvicidal activity of concentrates containing the toxins:- 
   The two species B. thuringiensis and B. Sphaericus were found to be lethal to the 
larvae of An. Mosquito, ١٠٠٪ mortality obtained by ٥٠٪ concentration of B. 
Sphaericus when the ١٠٠% larval mortality was obtained due to ٦٠٪ concentration 
by B. thuringiensis (table ٣٫٣).                                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (٣٫٣): The larvicidal activity of the Bacillus species. 
Type of toxin The dose/ml Day١ Day٢ Day٣ 
٢ ٥ normal ٥ normal ٥ normal 
٤ ١ dead  
٤ weak 
٣ weak  
١ good 
٣ weak  
١ good 
٦ ١ dead, 
١ pupa,  
٣ normal 
٣ weak, 
١ pupa 
٣ weak, 
١ insect 
٨ ٣ weak 
٢ normal 
٤ weak 
١ normal 
٥ weak 
 
١٠ ٣ dead 
٢ normal 
١ dead 
١ weak 
١ weak 
T 
١٢ ٢ dead 
٣ weak 
٣ dead  
٢ ٥ normal ٥ normal ٥ normal 
٤ ٥ normal ٥ normal ٥ normal 
٦ ١ dead  
١ pupa 
٣ normal 
١ insect 
٣ weak 
١ insect 
٣ weak 
٨ ٣ dead 
٢ normal 
١ normal 
١ pupa 
١ weak 
١ pupa 
١٠ ٤ dead 
١ pupa 
١ dead  
S 
١٢ ٥ dead   
 
    T    ≡ B. thuringiensis toxin                                            
    S    ≡ B. Sphaericus toxin                                              
 
 
 
 
٣٫٣٫١. Some visual observations about the experimented larvae after the 
addition of Bacillus metabolites to Anopheles mosquito larvae as following: 
i. Inhibition of feeding: 
The affected mosquito stopped feeding within ٢٠-٣٠ minutes, the 
effects were more obvious at higher concentration. 
ii. Sluggish movement: 
The affected larvae wriggled slowly and in most cases sank to the 
bottom of the containers and they fail trials to wriggle back up. 
iii. Death: 
Affected larvae died within ٤٨-٧٢ hours of the addition of 
metabolites. 
iv. Color change: 
Dead mosquitoes became black in color and the solution became more 
turbid. 
٣٫٤.  Effect of the concentrated bacillus metabolites on mammals: 
    The effect of the oral administration of the toxins in goats (٢٠ml), rabbits (٢ml) 
and mice (٠٫٥ml) as well as the toxicity of the intravenous infusion of the toxin in 
rabbit was recovered as below: 
٣٫٤٫١.  The oral route: 
      No any pathological or clinical changes were observed in the experimented 
animals including goats, rabbits and mice, see table (٣٫٤). 
            
 
 
 
 
 
 
       Table (٣٫٤):  Effects of concentrated bacillus metabolites on mammals:- 
Animal Route of 
Administration 
T toxin 
dose /ml 
S toxin 
dose / ml 
N.S dose 
/ml 
Period Result 
Mice Orally ٠٫٥ - - ١½hrs normal 
Mice Orally - ٠٫٥ - ١½hrs normal 
Mice* Orally - - ٠٫٥ ١½hrs normal 
Rabbit Intravenously ٠٫١ - - ١٨ hrs toxicity
Rabbit Intravenously ٠٫١  - ١٨ hrs toxicity
Rabbit Intravenously - ٠٫٢٥ - ١٨ hrs toxicity
Rabbit Intravenously - ٠٫٢٥ - ١٨ hrs toxicity
Rabbit Intravenously ٠٫٢٥  - ١٨ hrs toxicity
Rabbit Intravenously ٠٫٢٥  - ١٨ hrs toxicity
Rabbit Orally ٢  - ٣ days normal 
Rabbit Orally ٢  - ٣ days normal 
Rabbit Orally - ٢ - ٣ days normal 
Rabbit Orally - ٢ - ٣ days normal 
Rabbit* Orally - - ٢ ٣ days normal 
Rabbit* Orally - - ٢ ٣ days normal 
Rabbit* Intravenously - - ٠٫١ ١٨ hrs normal 
Rabbit* Intravenously - - ٠٫٢٥ ١٨ hrs normal 
Rabbit* Intravenously - - ٠٫٢٥ ١٨ hrs normal 
Goat Orally ٢٠ - - ٨ days normal 
Goat Orally ٢٠ - - ٨ days normal 
Goat Orally ٢٠ - - ٨ days normal 
Goat Orally - ٢٠ - ٨ days normal 
Goat Orally - ٢٠ - ٨ days normal 
Goat Orally - ٢٠ - ٨ days normal 
Goat* Orally - - ٢٠ ٨ days normal 
Goat* Orally - - ٢٠ ٨ days normal 
    T    ≡ B. thuringiensis toxin                                            
    S    ≡ B. Sphaericus toxin                                              
   N.S ≡ Normal saline 
    *    ≡ control 
٣٫٤٫١٫١. The effect of the toxin by the weight of the intestine of mice: 
 The result of the orally drenched mice taken after half an hour by the 
weighting the intestine, the weight of the intestine was divided by the weight of the 
rest of the body. The result indicates that the concentrate metabolite of Bacillus 
that was used is not toxic, because no significant variations were found in the 
infected mice when compared with the control one, as shown in table (٣٫٥) 
 
Table (٣٫٥): The effect of the toxins in the experimented mice 
Type of toxin Dose 
/ml 
Intestine weight
After 
administration 
/g 
Total weight of the 
body after removing the intestine 
/g 
Result
T ٠٫٥ ٠٫٤٤٤ ٩ ٠٫٤٤٤
S ٠٫٥ ٠. ٦٩٦ ١٢ ٠٫٠٥ 
N.S ٠٫٥ ٠٫٥٠١٧ ١٠ ٠٫٠٥ 
T    ≡ B. thuringiensis toxin. 
S    ≡ B. Sphaericus toxin. 
N.S≡ Normal saline. 
 
٣٫٤٫٢. The intravenous route: 
    When the concentrated metabolites of B.sphaericus were injected intravenously 
in rabbits, no pathological changes were observed even in high dose (٠٫٢٥ml) how 
ever, the intravenous inoculation of B.thuringiensis in the same laboratory animal 
revel characteristic clinical, pathological and histopathological changes as reported 
below:   
i.  Anti-mortem:- 
The rabbit looked dull and stopped feeding. It suffered from pain 
when it was touched. 
ii. Post-mortem:- 
a. Congestion in subcutaneous muscles and the tissue. 
b. Blood in the peritoneal. 
c. General hemorrhage of the whole body. 
d. Congestion in the duodenal vessels. The contents of the intestine 
were mucoid, especially the interior part.  
e. The liver appears swollen, increased in size and congested. 
f. The kidney was congested in the medulla and the cortico-
medullary junction was obscure. 
g. Muscles appear dark red with areas of hemorrhage.  
h. Lungs were congested and dark in color.  
iii. Histopathological changes:- 
The following histopathological abnormalities were reported in 
rabbits that intravenously inoculated with B.thuringiensis toxin: 
Liver: Sinusoidal congestion, widening of portal areas with lymphatic 
infiltration, in addition to various degenerative changes was reported 
in hepatocytes (plate ٣٫١).  
Lung: Extensive alveolar haemorrhages with focal mononuclear cells 
infiltration. 
Heart: Myocytes appear thin (atrophy) with focal hyalinization. 
Kidney: Congestion was evident together with interstitial infiltration 
of mononuclear cells. 
Brain: Focal thickening of leptomenninges with focal area of gliain 
edema, haemorrhages perivascular aggregation of glial cells. Neural 
degeneration and widened of perineuronal spaces. 
Skeletal muscle: Muscles appear fragmented and show lesion of 
zenker necrosis. Some fragmented muscle showed mild calcification. 
Marked haemorrhages and nutrophil infiltration with muscle 
degeneration was seen. 
 
Plate (٣٫١): Histopathology of rabbit’s liver inoculated with B. thuringiensis 
toxin intravenously.  X١٠. H&E. 
 
 
Plate (٣٫٢): Alveolar haemorrhages and mononuclear cells infiltration in lung 
affected with the toxin.  X١٠. H&E. 
 
 
Plate (٣٫٣): Cardial myocytes atrophy due to B. thuringiensis toxin. X١٠. 
H&E. 
 
 
 
 
 
Plate (٣٫٤): Congested kidney and mononuclear cells infiltration in rabbit 
inoculated (I/V) with the toxin.  X١٠. H&E. 
 
 
 
 
 
Plate (٣٫٥): The effect of intravenous injection of B. thuringiensis toxin in the 
brain of rabbit.  X١٠.  H&E. 
 
 
 
 
Plate (٣٫٦): Haemorrhages, degeneration and Zinker necrosis in skeletal 
muscles of rabbit intravenously injected with the toxin. X١٠. H&E. 
 
 
 
 
 
 
 
 
 
 
 
Table(٣٫٦): Death percentage of mosquito larvae due to different 
concentrations of two Bacillus toxins at different days. 
Type of 
toxin 
Dose/ml Day١ 
death 
% death Day٢ 
death 
% death Day٣ 
death 
% death % total 
death 
٢ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٠٫٠٠٪ 
٤ ١ ٢٠٪ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٢٠٪ 
٦ ١ ٢٠٪ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٢٠٪ 
٨ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٠٫٠٠٪ 
١٠ ٣ ٦٠٪ ١ ٢٠٪ ٠ ٠٫٠٠٪ ٨٠% 
T 
١٢ ٢ ٤٠٪ ٣ ٦٠٪ - - ١٠٠٪ 
٢ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٠٫٠٠٪ 
٤ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٠٫٠٠٪ 
٦ ١ ٢٠٪ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٢٠٪ 
٨ ٣ ٦٠٪ ٠ ٠٫٠٠٪ ٠ ٠٫٠٠٪ ٦٠٪ 
١٠ ٤ ٨٠٪ ١ ٢٠٪ - - ١٠٠٪ 
S 
١٢ ٥ ١٠٠٪ - - - - ١٠٠٪ 
 
    T    ≡ B. thuringiensis toxin                                            
    S    ≡ B. Sphaericus toxin                                              
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Fig. ( 3.1 ) The death percentage of Larvae given Bacillus thuringiensis toxin (T). 
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Fig ( 3.2 ) : The death percentage  of 5 larvae given Bacillus sphaericus toxin (S). 
DAY 1 DAY 2 DAY 3
 
 
 
DISCUSSION 
CONCLUSION 
& 
RECOMMENDATION 
 
DISCUSSION 
 
        In the current study, the isolation, diversity and characterization as well as the 
toxicity of endo-sporeforming bacilli strains to Arabiensis mosquito larvae which 
was derived from natural population in Khartoum state were reported.                     
Moreover, the safety of this toxin against different mammals was stated, especially 
when used orally 
. A total number of ٣٠ samples consisting of ١٠ isolates of endo-sporeforming 
Bacteria were isolated, in addition to another ٥ non endo-sporeforming isolates 
which were typical in cultural characteristics and  biochemical properties to those 
mentioned by Barrow and Feltham(١٩٩٣), cited by Cowan and  Steel . Isolation of 
different species of bacteria from mosquitoes all over the world (Neepl, ٢٠٠٠), 
including (Soad, ١٩٩٠; Manhal, ٢٠٠٢; mubark, ٢٠٠٥) in the Sudan was stated. 
However, in this study, a number of ١٥ bacterial species, including B. thuringiensis 
and B. sphaericus, were isolated from Anophline Mosquitoes. Two species of 
bacteria including B. thuringiensis and B. sphaericus out of the ١٠ endo-
sporoforming bacteria were examined as larvicidal and they were found to be very 
effective as biological control agents against different larvicidal instars, except 
instar-٤. 
     Since It was first isolated by Goldberg and Margalit (١٩٧٧), B. thuringiensis 
has generally proved to be one of the most effective and potent biological 
pesticides (Schnepf et.al ١٩٩٨; Becker and Margalit ١٩٩٣; de Berjac and 
Sutherland, ١٩٩٠). In addition the first trials of biological mosquito’s larvae 
control using B. thuringiensis in Sudan was by Nugud, (١٩٨٢). The same trials in 
Sudan field conduction were also conducted by Soad, (١٩٩٠) and Manhal, (٢٠٠٢). 
In the present study ٢٠٪ of the experimental larvae were dead in only ١٠٪ 
concentration of the bacillus metabolites particularly B.thuringiensis. However, the 
same mortality due to B. sphaericus was obtained by ٣٠٪ concentration although 
the١٠٠٪ larval mortality was obtained earlier (٥٠٪ concentration) than the fore one 
(٦٠٪ concentration). Similar larval mortality rate (١٠٠٪) in the laboratory and in 
the field was achieved by different scientists such as De Barjac and larget, (١٩٧٩), 
lacey (١٩٨١) and Ignoff, (١٩٨٠). 
Larval stage-٤(instar-٤) was generally insusceptible to the toxin even with 
high concentration such as ٤٠٪. Similar observation reported by different authors 
such as Carrie et al. (١٩٩٤),  Manhal, (٢٠٠٢) and Panbangred, (١٩٧٩) who stated 
that the older  larvae  are  more  resistant  to  B.  thuringiensis.  
       The  decrease  in  the  lethal  activity  of  the  toxin  which  was  observed   
against  the  last   instar  of  larvae  is  attributed  to the  fact  that  larvae  is  
beginning  to  stop  feeding   to  enter  the pupation  period. 
This toxin was found to be safe on Goats, Rabbits, and Mice when orally 
applied. This observation is in agreement with Fred, et al., (٢٠٠٠), who 
demonstrated the absence of acute, sub chronic, oral toxicity associated with 
B.thuringiensis microbial pesticides. Similarly, McClintock et al. (١٩٩٥) stated that 
no significant adverse effect in clinical observation or upon necropsy was shown 
due to B. thuringiensis toxicity. Also the toxin was found to be harmless to humans 
(Berry, ٢٠٠١), and fish (WHO, ٢٠٠٢) as well as non target organisms 
(Nugud,١٩٨٢) under normal conditions. 
The  safety of  toxin in  mammal  is  usually  explained  due to  its  known  mode  
of  action . the  toxin  is  released  into  the  mid gut, proteolytically  dissolved  and  
activated  in the  insect’s  alkaline  mid gut  interacting  with  specific  receptor 
(Charles et al,١٩٩٦), additionally  the  metabolism  or  elimination  of   the toxin  
in  digestive  system   of  the  mammals  prevents  poisoning,(Roe et al., ١٩٩١, 
Spiegel and shadduck,١٩٩٠). 
  On the other hand, no known effects on vertebrates were observed in B. 
sphaericus (Miura et al., ١٩٨٠ and Shadduk et al. ١٩٨٠). However, Carrie et al., 
(١٩٩٤) was able to kill mice with very high dosages (٢٠٠mg/kg) daily for ٨ days. 
In the present study, B. sphaericus, toxins were found to be safe even when 
inoculated intravenously in rabbits with high doses up to (٠٫٢٥ml). However, 
severe toxicity was observed when the B. thuringiensis toxin was injected in 
rabbits intravenously in low dose down to(٠٫١ml), showing characteristic clinical 
and pathological features. The acute toxicity to mammals including death due to B. 
thuringiesis was reported when injection occurs to the abdomen or the brain as 
well as intravenous route in rats and mice respectively (Sigel and Shadduck, 
١٩٨٨.). 
  The post-mortem finding and tissue section of orally tested mammals (mice 
,rabbits and goats)did not reveal any intoxication changes .This pathological  
results  are  consistent  with  those  of  Noteborn et al (١٩٩٣) and Hofmann et 
al.(١٩٨٨) who  did  not  detect  specific binding of  cry  protein  to  rat  intestinal  
cell membrane  preporation. However, in this research, intravenous inoculation of  
B. thuringiensis  in rabbit  reveal  characteristic post-mortem  and  
histopathological  changes in  all  vital organs as well  as  the  skeletal  muscle, 
including  sever  haemorrhages ,  congestion  and  degenerative  changes . 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 
 
١- Both B.thuringiensis and B.sphaericus were found to be highly effective as 
 mosquitoes larvicidal. 
٢- They pronounced similar potentiality (١٠٠٪ mortality rate).  
٣-They were completely safe when drenched orally in mammalian such as Goat, 
 rabbit and mice. 
٤- B.thuringiensis showed fatal toxicity in rabbit via intravenous inoculation, while 
 B.sphaericus showed no any toxic effect even when inoculated intra 
 venously in high dose.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Recommendation 
 
١- Sustainable control and ecologically safe Mosquito-born disease including        
 Malaria could be obtained using these toxins. 
٢- Practical field application of these toxins in field condition in Sudan should be 
 statistically and economically excluded in details compared with the other 
 available biological control means. 
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